Background: Traditional Thai tobacco (Nicotiana abacus L.) is known as a non-Virginia type whose mature leaf contains three to four times more nicotine than that of a Virginia type. As such, the process of Thai traditional tobacco production may lead to adverse health effects such as green tobacco sickness (GTS).
Introduction
N icotiana tabacum L. is grown in over 100 countries. The largest plantations are located in China, Brazil, India, the USA, and Malawi. These countries together account for two-thirds of the world's tobacco production. 1 Tobacco farming is associated with the hazard of green tobacco sickness (GTS). The disease originates from nicotine's ability to penetrate through the skin of workers who cultivate and harvest tobacco. [1] [2] [3] GTS is an occupational illness reported by tobacco workers worldwide. [4] [5] [6] [7] Previous studies have shown that dermal absorption of nicotine from plant surfaces gives rise to characteristic GTS symptoms. [8] [9] [10] GTS morbidity concerns nearly a quarter of tobacco workers, with typical symptoms including nausea, vomiting, headache, abdominal cramps, breathing difficulty, abnormal body temperature, pallor, chills, fluctuations in blood pressure and heart a r t i c l e rate, drenching sweats, and increased salivation. [1] [2] [3] GTS is a result of acute nicotine poisoning caused by dermal absorption of nicotine from mature tobacco plants. GTS is mainly characterized by nausea or vomiting, headaches, and dizziness. 11, 12 Nan province, northern Thailand, is one of the most famous areas well known for cultivation of traditional Thai tobacco plants. Traditional Thai tobacco (Nicotiana tabacum L.) is known as a non-Virginia type tobacco. Its mature leaves are thicker and contain 3-4 times more nicotine than the leaves of a Virginia type tobacco. From 2012 to 2013, the traditional tobacco cultivation areas increased by 50% due to favorable prices and an increase in profits, which encouraged farmers to cultivate more. The provincial total production of the tobacco plant was around 3.7 million kilograms from a total area of 2830 acres. The largest tobacco harvest was reported in 2013 from Thawangpha district, approx-imately1.6 million kilograms; Chiangklang district, about 920 000 kilograms; and Pua district, around 715 300 kilograms.
Traditional tobacco cultivation and dry tobacco production in Thailand differ from those found in western countries. Cultivation is a continuous process to maintain the tobacco plants, especially watering activities with which farmers may come into contact with wet tobacco leaves. Almost all farmers water their plants in the morning or in the evening. The process of Thai traditional tobacco production involves seeding, cultivating, and transplanting to the tobacco field; maintaining tobacco plants with fertilizer and pesticide applications; removing axillaries buds; cutting the top of tobacco plants; and removing weeds from the field. After 100 to 120 days, tobacco leaves can be picked and then transferred for subsequent processing. Tobacco leaves are cured until ripe; then the stems are removed by drawing and rolling tobacco leaves in a bundle so that it can be prepared for slicing by a cutting machine. The sliced tobacco leaves are brought to a bamboo rack, shredded, and left to dry in a dry rack in direct sunlight for 1-3 days. Every day and night, the farmers must reverse the bamboo rack so as to control the color of the tobacco line which can be adjusted by spraying a dry tobacco extract in the evening. The night-time dew will soften the tobacco slices and allow them to be folded for packaging, with 10 kg of tobacco slices per plastic bag. By processing Thai traditional tobacco, the farmers will be exposed to nicotine in tobacco leaves and may be at risks of health effects caused by GTS. As for Thailand, it is worth noting that a diagnostic criteria for GTS has not yet been established, and this could be a potential cause of GTS in Thai traditional tobacco farmers.
The objective of this study was to investigate the prevalence of GTS and characteristic factors related to GTS among Thai traditional tobacco farmers at Praputthabath sub-district, Chiangklang district,
TAKE-HOME MESSAGE
• Thai traditional tobacco cultivation is considered an occupation in the gray zone, meaning even though it is not prohibited, it is not promoted by the government sector.
• Green tobacco sickness (GTS) is an adverse health effect of nicotine poisoning that takes place 2-3 days after exposure to tobacco leaves. Typical symptoms include headache, nausea, vomiting, and dizziness.
• The prevalence of GTS in Thai traditional tobacco farmers was 22.6%, but the actual rate may even be higher than this because of under-reported cases.
• The process of Thai traditional tobacco processing can result in increased dermal exposure, a major risk factor for GTS.
• Body soaking during watering the plant may increase adverse health effects related to GTS.
GTS among Thai Traditional Tobacco Farmers
and Phatow sub-district, Thawangpha district in Nan province, Thailand. It was anticipated that the findings of this study can be used to help expand surveillance and prevention of GTS as well as to explain GTS etiology for farmers so that improvement of these tobacco farmers' working conditions in this area could be made.
Materials and Methods

Sampling
Thai traditional tobacco is cultivated in Nan province, a region in northern Thailand composed of 15 districts. Almost all districts have been involved in the cultivation of traditional tobacco for 60 years. Five districts are devoted to tobacco cultivation with two of them-Thawangpha and Chiangklang districts-being large-scale areas. Seven villages and 1116 households in Phatow sub-district in Thawangpha district and 10 villages and 1755 households in the Praputthabath sub-district in Chiangklang district were chosen as the study population and study area. The household representatives were responsible for completing interviewer-administered questionnaires. The calculated minimum sample size was 473 from a total of 2871 male and female farmers working in theregion between 20 and 65 years of age. The participants were recruited using a systematic random sampling from tobacco farmers in the area. Farmers who had generally good health and were growing tobacco, picking tobacco leaves, or producing dry tobacco regularly during the season were included in the study. Those who did not exhibit any particular symptoms from either tobacco sickness or from pesticide exposure were excluded from the study.
Measurements
A cross-sectional study was conducted with 473 Thai traditional tobacco farmers in Praputtabath sub-district and Phatow sub-district. The farmers were randomly selected and interviewed in an in-person survey using a modified method described earlier. [11] [12] [13] The interview questionnaire was validated by a panel of three experts to ensure its content validity; its index of objective congruence (IOC) was 0.87.
Thereafter, the questionnaire was tested with 30 subjects whose demographic characteristics were similar to those of the main study to determine reliability of the questionnaire; the Cronbach's α was 0. 
Statistical Analysis
All data were coded and analyzed by SPSS ® ver 17 for Windows ® . Descriptive statistics and frequency of the studied variables were calculated and reported. The preva-T. Saleeon, W. Siriwong, et al a r t i c l e a r t i c l e lence of GTS was stratified by farmers' characteristics, work-related characteristics, and subjective health symptoms. χ 2 or Fisher's exact test were used to analyze the categorical variables. Multiple logistic regression analysis was used to determine the independent risk factors of GTS. Those variables that were associated with GTS at a level of 0.20 from univariate analyses were selected into the multiple logistic regression model. Likelihood ratio test (LRT) was used to test the variables associated with GTS by comparing models with and without referring variables. Wald test was used to test the significance of each level compared with the reference level on particular variables. A p value <0.05 was considered statistically significant.
Results
Demographic data of participants are presented in Table 1 . The mean age of the participants was 51.8 (SD 7.4; range 35 to 65) years. More than half of the participants were head of their family; most of them completed the primary education. Almost all of the participants had been working on a traditional tobacco plantation for more than 20 years. The mean working hours with tobacco was 5.3 (range 0 to 10) hours per day. One hundred and seven out of 473 participants had GTS, hence a prevalence of 22.6% (95% CI 19.1% to 26.6%); the prevalence was 17.9% in males and 27.5% in females (Table 1) . Table 2 shows the effect of various demographic varibles on the prevalence of GTS in univariate analysis. Being male, smoker, alcohol drinker, and having experience more than 20 years, curing tobacco leaves, wearing wet suit, hand washing with acid soap, and cutting top of, axillary buds of, or watering tobacco plants were significantly associated with a higher prevalence of GTS (Table 2) . Having skin rash was significantly associated with developing GTS (OR 2.80, 95% Multiple logistic regression analysis revealed the independent risk factors of GTS after being adjusted for sex, smoking, skin integrity, wearing a wet suit, type of work with tobacco in a day including curing tobacco leaves and watering tobacco plants ( Table 3 ).
Discussion
We found that GTS occurred in females more than one and half times than in males. Almost all farmers graduated from a primary school and farming was their traditional vocation. This is consistent with the fact that Thai traditional tobacco cultivation in this area is a part of local culture and folk life. It is worth noting that even though the health effects of tobacco cultivation were known to these farmers, they did not recognize the route of effects or the causes of known health problems. Such a finding yielded support to the finding of a previous study. 2 In addition, the results of this study showed that the total prevalence of GTS was 22.6%. This can be considered the first documentation of GTS prevalence among Thai traditional tobacco farmers in Nan province. There is a wide range of the reported prevalence of GTS in the literature-from 8% to 89% per season. The highest discrepancy in the reported prevalence rates would be attributed to nonuniform case definitions. 14 Two studies found very high relative odds of GTS when farmers were working in wet conditions. 13, 15 The prevalence of GTS was 17.9% in men and 27.5% in women. This finding was inconsistent with what has previously been reported in other studies where almost all of the farmers affected by GTS were male. 16 In traditional tobacco cultivation in Thailand, female farmers share the role of intensive producers through their labor with their male counterparts. 17, 18 Similarly, there was no gender difference a r t i c l e a r t i c l e in the report of health problems of tobacco farmers in Vietnam. 19 We found smoking was protective against developing GTS. Such findings were consistent with the differences in GTS in two groups of farmers reported by Gehlbach, et al, 5 that farmers believed in the protective effects of tobacco use. In the current study, however, farmers did not see smoking as having a protective effect on GTS. Only 11% of the farmers were smokers.
Work activities that were associated with GTS included exposure to wet plants and mature tobacco plants, as well as cutting axillary buds, which put farmers at higher risk of exposure to nicotine. This is because farmers have to repeatedly carry out such activities every week. To further explain, to remove axillaries, farmers have to walk through and move up and down the rows of plants, hence exposure to nicotine bearing foliage. Moreover, farmers use their hands and arms when working, and they can easily come into contact with the sap and gum from the tobacco plants when transferring the leaves from the pick-up truck or pushcart to the place where tobacco leaves are cured. Also, watering the plants with a hose, sprinkler, or pipeline is associated with GTS through dermal exposure; GTS was also associated with changing work clothes. Wet clothing may increase exposure to nicotine from mature plants via dermal absorption. As found in other studies, use of personal protective equipment among farmers can significantly reduce GTS. 20 However, it is noteworthy that environmental tobacco smoke exposure through living with smokers (passive smoking) does not have a significant effect on GTS. Another issue that should be mentioned here is that many studies so far conducted on GTS have not attempted to establish the criteria for the diagnosis of GTS. Therefore, any direct assessment and diagnosis of GTS or using a biomarker for GTS, should be validated first. The measurements used in previous studies were correlated with cotinine levels. 10, 11 Finally, a validated questionnaire is needed to determine if the combined symptoms of headache, dizziness, nausea, or vomiting occurred only among those who have been working in Thai traditional tobacco cultivation or not. 14 The limitations of this study should be noted. It is difficult to estimate the true prevalence of GTS based on different definitions of GTS. As in many GTS investigations earlier conducted, there are no well-established criteria for the diagnosis of GTS. GTS should be verified with a biomarker. In the current study, the definition of GTS refers to symptoms that occur after exposure to tobacco leaves within 2-3 days with typical symptoms including headache, nausea, vomiting, and dizziness, as well as other less common but possible symptoms of blurred vision, weakness, runny eyes, increased salivation, and increased perspiration. 2, 20, 21 In conclusion, dermal exposure is a major risk for GTS. The results of the present study represent the first investigation studying the prevalence of GTS among Thai traditional tobacco farmers in Nan a r t i c l e a r t i c l e province, northern Thailand. The findings have indicated various contributing factors for GTS including working in wet conditions, doing activities such as watering and working with tobacco plants. Moreover, insufficient use of protective equipment may increase health symptoms related to GTS. For all these reasons, health education programs that discuss health risks exposure reduction are recommended.
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